Summary. We present a new method to construct a trivariate T-spline representation of complex solids for the application of isogeometric analysis. The proposed technique only demands the surface of the solid as input data. The key of this method lies in obtaining a volumetric parameterization between the solid and a simple parametric domain. To do that, an adaptive tetrahedral mesh of the parametric domain is isomorphically transformed onto the solid by applying the meccano method. The control points of the trivariate T-spline are calculated by imposing the interpolation conditions on points situated both on the inner and on the surface of the solid. The distribution of the interpolating points is adapted to the singularities of the domain in order to preserve the features of the surface triangulation.
Introduction
CAD models usually define only the boundary of a solid, but the application of isogeometric analysis [2, 3, 10] requires a fully volumetric representation. An open problem in the context of isogeometric analysis is how to generate a trivariate spline representation of a solid starting from the CAD description of its boundary. As it is pointed by Cotrell et al. in [10] , "the most significant challenge facing isogeometric analysis is developing three-dimensional spline parameterizations from surfaces".
There are only a few works addressing this problem, and they all have in common the use of harmonic functions to establish the volumetric parameterization [20, 22, 23, 24, 31] .
For example, Li et al.
[20] construct a harmonic volumetric mapping through a meshless procedure by using a boundary method. The algorithm can be applied to any genus data but it is complex and requires placing some source and collocation points on an offset surface. Optimal results of source positions are unknown, and in practice they are chosen in a trial-and-error manner or with the help of human experience. Therefore, the problem is ill-conditioned and regular system solvers often fail.
Martin et al. [23, 24] present a methodology based on discrete harmonic functions to parameterize a solid. They solve several Laplace's equations, first on the surface and then on the complete 3-D domain with FEM, and use a Laplacian smoothing to remove irregularities. During the process, new vertices are inserted in the mesh and retriangulations (in 2-D and 3-D) are applied in order to introduce the new vertex set in the mesh. The user has to make an initial choice of two critical points to establish the surface parameterization and to fix a seed for generating the skeleton. The parameterization has degeneracy along the skeleton. The extension to genus greater than zero [24] requires finding suitable midsurfaces.
We propose a different approach in which the volumetric parameterization is accomplished by transforming a tetrahedral mesh from the parametric domain to the physical domain. This is a special feature of our procedure; we do not have to give the tetrahedral mesh of the solid as input, as it is a result of the parameterization process. Another characteristic of our work is that we use an interpolation scheme to fit a trivariate B-spline to the data, instead of an approximation, as other authors do. This performs a more accurate adaptation of the T-spline to the input data.
One of the main drawbacks of NURBS (see for example [27] ) is that they are defined on a parametric space with a tensor product structure, making the representation of detailed local features inefficient. This problem is solved by the T-splines, a generalization of NURBS conceived by Sederberg [28] that enables the local refinement. The T-splines are a set of functions defined on a T-mesh, a tiling of a rectangular prism in R 3 allowing T-junctions (see [2] and [28] ).
In this paper we present a new method [13] for constructing volumetric T-meshes of genus-zero solids whose boundaries are defined by surface triangulations. Our procedure can be summarized in two stages. In the first one, a volumetric parameterization of the solid is developed by using the meccano method [7, 8, 25, 26] . Broadly speaking, we can consider that the construction of a volumetric parameterization is a process in which an adaptive tetrahedral mesh, initially defined in the unitary cube C = [0, 1] 3 , is deformed until it achieves the shape of the solid (the physical domain). This deformation only affects the positions of the nodes, that is, there is not any change in their connectivities: we say that both meshes are isomorphic. Given that a point is fully determined by the barycentric coordinates relative to the tetrahedron in which it is contained, we can define a one-to-one mapping between C and the solid assuming that the barycentric coordinates are the same in both spaces. In the second stage, the modeling of the solid by trivariate T-splines is carried out. The control points of the T-splines are calculated enforcing the
